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(57) ABSTRACT

A solid electrolytic capacitor that includes a capacitor ele-
ment; an exterior resin; an anode lead terminal, and a
cathode lead terminal. The anode lead terminal has a Cu base
material, and an Au-plating layer formed thereon, and
includes an Au region where the Au-plating layer as a
surface layer is formed, and a Cu region where the Au-
plating layer is not formed. The cathode lead terminal
includes a base material, and an Au-plating layer as a surface
layer of the cathode lead terminal, which is formed on the
base material, and an anode section of the capacitor element
is connected to the Cu region of the anode lead terminal.

16 Claims, 9 Drawing Sheets
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SOLID ELECTROLYTIC CAPACITOR,
ELECTRONIC COMPONENT MODULE,
METHOD FOR PRODUCING SOLID
ELECTROLYTIC CAPACITOR AND
METHOD FOR PRODUCING ELECTRONIC
COMPONENT MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solid electrolytic capaci-
tor, an electronic component module including a solid
electrolytic capacitor, a method for producing a solid elec-
trolytic capacitor, and a method for producing an electronic
component module. Particularly, the present invention
relates to an anode lead terminal of a solid electrolyte
capacitor.

2. Description of the Related Art

As shown in FIG. 9, a known solid electrolytic capacitor
1 includes: a plurality of capacitor elements 110 each having
a dielectric material section 111, an anode section 112 and a
cathode section 113; an anode lead terminal 118 connected
to the anode section 112; a cathode lead terminal 119
connected to the cathode section 113; and an exterior resin
116 covering the plurality of capacitor elements 110. As the
anode lead terminal 118 and the cathode lead terminal 119,
articles obtained by applying Sn-platings 118¢ and 119¢ to
base materials 1184 and 119a formed of a Fe—Ni-based
alloy or a Cu-based alloy are used.

However, in reflow soldering, the operation temperature
of which is 235° C. to 260° C., the problem occurs that
Sn-platings 118¢ and 119¢ of the anode lead terminal 118
and the cathode lead terminal 119 are melted to generate
gaps between the lead terminals and the exterior resin 116,
so that air tightness is impaired. As a countermeasure
thereto, it is conceivable that as a plating material, a high-
melting-point metal (melting point: 400° C. or higher) such
as, for example, Ni (melting point: 1450° C.) or Au (melting
point: 1064° C.) is used rather than using a low-melting-
point metal such as Sn (melting point: 232° C.)

Japanese Patent Laid-open Publication No. 2003-124074
describes that for reducing a region of a plating layer with
a high-melting-point metal, an Au-plating layer is formed on
only one surface of the anode lead terminal 118, and the
anode section 112 of the capacitor element 110 is resistance-
welded to the Au-plating layer.

However, in combination of Au that is a material of an
Au-plating layer formed on the anode lead terminal 118 and
aluminum that is a material of the anode section 112 of the
capacitor element 110, the electric resistance during resis-
tance welding is too low to generate heat, so that it is difficult
to bond the anode lead terminal 118 and the capacitor
element 110 to each other.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a solid
electrolytic capacitor having a structure capable of reliably
bonding an anode section of a capacitor element and an
anode lead terminal to each other although a material that is
not melted at a reflow temperature is used as a plating
material for the anode lead terminal, and a method for
producing the solid electrolytic capacitor. Further, an object
of the present invention is to provide an electronic compo-
nent module including the solid electrolytic capacitor of the
present invention, and a method for producing the electronic
component module.
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For achieving the objects described above, a solid elec-
trolytic capacitor according to the present invention includes
a laminate formed by laminating a plurality of capacitor
elements each having an anode section, a dielectric material
layer disposed on the anode section, and a cathode section
disposed on the dielectric material layer, so as to electrically
connect the anode sections to one another and electrically
connect the cathode sections to one another. An exterior
resin is formed so as to cover the laminate. An anode lead
terminal is electrically connected to the anode section of the
capacitor element and drawn to the outside of the exterior
resin, and a cathode lead terminal is electrically connected
to the cathode section of the capacitor element and drawn to
the outside of the exterior resin.

The anode lead terminal has a Cu base material, and an
Au-plating layer formed in a predetermined region on the Cu
base material so as to form a surface layer of the anode lead
terminal. A surface of the anode lead terminal has an Au
region where the Au-plating layer forms a surface layer, and
a Cu region where the Au-plating layer is not formed and Cu
is exposed.

The cathode lead terminal has a base material, and an
Au-plating layer formed on the base material so as to form
a surface layer of the cathode lead terminal. The anode
section of the capacitor element is connected to the Cu
region of the anode lead terminal.

Preferably, the Cu region of the anode lead terminal is
located at the inside from the outer edge of the exterior resin.

Preferably, the anode section of the capacitor element and
the Cu region of the anode lead terminal are bonded to each
other by resistance welding.

An electronic component module according to the present
invention includes the solid electrolytic capacitor, and a
circuit board having a land electrode, wherein the anode lead
terminal and the cathode lead terminal of the solid electro-
Iytic capacitor are bonded to the land electrode of the circuit
board by soldering.

A method for producing a solid electrolytic capacitor
according to the present invention includes the steps of
providing a plurality of capacitor elements each having an
anode section, a dielectric material layer disposed on the
anode section, and a cathode section disposed on the dielec-
tric material layer; applying an Au-plating onto a Cu base
material to form an anode lead terminal having an Au region,
the surface layer of which includes an Au-plating layer, and
a Cu region where the Au-plating layer is not formed, and Cu
is exposed at the surface; applying an Au-plating onto a base
material to form a cathode lead terminal, the surface layer of
which includes an Au-plating layer; forming a laminate by
stacking the plurality of capacitor elements so as to electri-
cally connect the anode sections of the capacitor element to
one another and electrically connect the cathode sections of
the capacitor element to one another; connecting the Cu
region of the anode lead terminal to the anode section of the
capacitor element; connecting the cathode lead terminal to
the cathode section of the capacitor element; and forming an
exterior resin that covers the laminate such that a part of the
anode lead terminal and a part of the cathode lead terminal
are drawn to the outside.

Preferably, the laminate is covered so as to ensure that the
Cu region of the anode lead terminal is located at the inside
from the outer edge of the exterior resin.

Preferably, the anode section of the capacitor element and
the Cu region of the anode lead terminal are bonded to each
other by resistance welding.
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Further preferably, the method also includes forming an
oxide film on the Cu region by heating the Cu region of the
anode lead terminal.

A method for producing an electronic component module
according to the present invention includes the steps of
providing a circuit board with solder pastes provided at a
plurality of positions; mounting the solid electrolytic capaci-
tor on the circuit board by disposing the anode lead terminal
and the cathode lead terminal of the solid electrolytic
capacitor on each of the solder pastes provided at a plurality
of positions; and firmly fixing the solid electrolytic capacitor
to the circuit board by introducing the circuit board, on
which the solid electrolytic capacitor is mounted, into a
reflow furnace.

In the solid electrolytic capacitor according to the present
invention, Au that is not melted at a reflow temperature is
used as a plating material for an anode lead terminal, and a
Cu region, on which an Au-plating layer is not formed, is
provided at an anode lead terminal, so that an anode section
of a capacitor element and the anode lead terminal can be
reliably bonded to each other. Consequently, a solid elec-
trolytic capacitor excellent in air tightness and weather
resistance can be provided.

In the electronic component module according to the
present invention, the Au-plating layer or Cu that forms the
surface of the anode lead terminal that forms the solid
electrolytic capacitor is in contact with the exterior resin,
and the Au-plating layer that forms the surface of the
cathode lead terminal is in contact with the exterior resin, so
that even if the electronic component module is placed under
a reflow temperature, adhesion between the exterior resin
and the anode lead terminal or cathode lead terminal is
secured.

That is, Au that forms the Au-plating layer has a high
melting point of 1338° C., so that even if the solid electro-
Iytic capacitor of the present invention is placed under a
reflow temperature, there is no possibility that the plating
layer is melted. Therefore, adhesion between the exterior
resin and the anode lead terminal and cathode lead terminal
is secured, so that air tightness and weather resistance can be
improved.

In the method for producing a solid electrolytic capacitor
according to the present invention, an Au-plating that is not
melted at a reflow temperature is used as a plating material
for the anode lead terminal, while a Cu region, on which an
Au-plating layer is not formed, is provided at the anode lead
terminal, and therefore the anode section of the capacitor
element and the anode lead terminal can be reliably bonded
to each other. As a result, a solid electrolytic capacitor
excellent in air tightness and weather resistance can be
reliably produced.

According to the method for producing an electronic
component module according to the present invention, an
electronic component module having high reliability can be
produced while efficient production method, i.e. reflow
soldering is employed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A) is a sectional view of a solid electrolytic
capacitor according to an embodiment of the present inven-
tion, and FIG. 1(B) is an enlarged view of the Z part in FIG.
1(A);

FIG. 2 is a view showing a capacitor element in the solid
electrolytic capacitor shown in FIG. 1;

FIG. 3 is a view showing a modification of the solid
electrolytic capacitor shown in FIG. 1;
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FIGS. 4(A) to 4(D) are views for explaining a part of a
method for producing the solid electrolytic capacitor shown
in FIG. 1, ie. a capacitor element providing step, a lead
terminal providing step, a cathode terminal forming step and
an anode terminal forming step;

FIGS. 5(A) to 5(D) are views for explaining the remaining
part of the method for producing the solid electrolytic
capacitor shown in FIG. 1, i.e. a capacitor element stacking
step, a cathode connecting step, an anode connecting step
and an exterior resin forming step which are carried out after
the steps shown in FIGS. 4(A) to 4(D);

FIG. 6 is a view two-dimensionally showing a resistance-
welded area in the anode connecting step shown in FIG.
5(0);

FIG. 7 is a sectional view of an electronic component
module including the solid electrolytic capacitor shown in
FIG. 1,

FIGS. 8(A) to 8(C) are views for explaining a method for
producing the electronic component module shown in FIG.
7, and

FIG. 9 is a sectional view of a solid electrolytic capacitor
according to the background art.

DETAILED DESCRIPTION OF THE
INVENTION

(Solid Electrolytic Capacitor)

As shown in FIG. 1(A), a solid electrolytic capacitor 1
according to this embodiment includes a plurality of capaci-
tor elements 10 (four capacitor elements in the configuration
in FIG. 1(A)) each having a dielectric material section 11, an
anode section 12 and a cathode section 13; an anode lead
terminal 18 connected to the anode section 12; a cathode
lead terminal 19 connected to the cathode section 13; and an
exterior resin 16 covering a laminate 10A formed by lami-
nating the plurality of capacitor elements 10.

As shown in FIGS. 1(A) and 2, the capacitor element 10
includes the anode section 12 including a valve action metal
substrate; the dielectric material section 11 (shown with a
bold line in the figure) formed on a surface of the anode
section 12; and the cathode section 13 formed on a part of
the dielectric material section 11.

The anode section 12 includes an anode section body 12a
located at a capacitance generation region of the capacitor
element 10; and an anode drawing section 1256 drawn from
the anode section body 12a to the outside of the capacitance
generation region. Examples of the material of the anode
section 12 include aluminum, tantalum and niobium. The
surface of the anode section 12 is etched to be roughened. In
this embodiment, an aluminum foil having a thickness of 20
um to 300 um is used as the anode section 12. The dielectric
material section 11 is a dielectric material film formed by
oxidizing the roughened surface of the anode section 12. The
thickness of the dielectric material film is, for example, 5 nm
to 100 nm.

The cathode section 13 includes a composite layer with a
conductive polymer layer, a carbon paste layer and an Ag
paste layer formed in this order. The conductive polymer
layer, the carbon paste layer and the Ag paste layer are
formed by adding their respective raw material solutions.

A blocking member 14 is provided between the cathode
section 13 and the anode drawing section 125. The blocking
member 14 is intended for blocking a raw material solution
in formation of the cathode section 13 so that the raw
material solution does not enter the anode drawing section
125. The blocking member 14 is formed of, for example, an
insulating resin having an electrical insulating property.
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The plurality of capacitor elements 10 that form the
laminate 10A are laminated so as to electrically connect the
anode drawing sections 126 of mutually adjacent anode
sections 12 to each other and electrically connect mutually
adjacent cathode sections 13 to each other. In this manner,
the laminate 10A is formed. The cathode sections 13 of the
capacitor elements 10 are connected to one another by a
conductive adhesive 15, and the anode drawing sections 125
are bonded to one another by resistance welding as
described later. The dielectric material film formed on the
surface of the anode drawing section 124 is broken in
resistance welding, so that the anode sections 12 are elec-
trically connected to one another.

The laminate 10A formed by laminating a plurality of
capacitor elements 10 is covered with the exterior resin 16
having an electrical insulating property. The material of the
exterior resin 16 is, for example, an epoxy resin.

One end of the anode lead terminal 18 is electrically
connected to the anode section 12 of the capacitor element
10, and one end of the cathode lead terminal 19 is electri-
cally connected to the cathode section 13. The other end of
the anode lead terminal 18 and the other end of the cathode
lead terminal 19 are drawn from the inside to the outside of
the exterior resin 16.

The cathode lead terminal 19 has on the surface thereof an
Au-plating layer 19¢. Specifically, the cathode lead terminal
19 has a Cu base material 194, a Ni-plating layer 195 is
formed on the Cu base material 194, and thereon is further
formed the Au-plating layer 19¢ that forms the surface layer
of the cathode lead terminal 19. Formation of the Ni-plating
layer 195 as a ground is intended to prevent corrosion of the
Cu base material 19¢ and suppress diffusion of the Au-
plating layer 19¢ as the uppermost layer to the Cu base
material 19a. The thickness of the Cu base material 19a is,
for example, 100 pm, the thickness of the Ni-plating layer
195 is, for example, 5 um, and the thickness of the Au-
plating layer 19c¢ is, for example, 0.1 pm. One end of the
cathode lead terminal 19 is connected to the cathode section
13 of the capacitor element 10 by the conductive adhesive
15.

The anode lead terminal 18 has a Cu base material 18a
formed of the same material as that of the cathode lead
terminal 19. It is to be noted that as shown in FIGS. 1(A) and
1(B), the surface of the anode lead terminal 18 has an Au
region X where the Au-plating layer 18¢ is formed as a
surface layer, and a Cu region Y where the Au-plating layer
18¢ is not formed. Specifically, the anode lead terminal 18
in the Au region X has the Ni-plating layer 186 formed on
the Cu base material 18a, and the Au-plating layer 18¢ as a
surface layer further formed thereon. The thickness of each
of'the Cu base material 184, the Ni-plating layer 185 and the
Au-plating layer 18¢ is similar to that of the cathode lead
terminal 19. On the other hand, the Cu region Y of the anode
lead terminal 18 is a region where a plating layer is not
formed on the Cu base material 184, and the Cu base
material 184« itself is exposed. The Cu region Y is disposed
at the inside of the exterior resin 16, and connected to the
anode section 12 of the capacitor element 10.

The solid electrolytic capacitor 1 in this embodiment is
featured in that the surface of a part of the anode lead
terminal 18 has the Cu region Y. Since the Cu region Y is
provided, the electric resistance between the anode lead
terminal 18 in the Cu region Y and the anode section 12 of
the capacitor element 10 can be increased at the time of
resistance-welding the anode lead terminal 18 and the
capacitor element 10 to each other. When the electric
resistance is increased, heat is easily generated in the mem-
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6

bers to be mutually bonded (the anode section 12 and the Cu
region Y of the anode lead terminal 18), so that the members
can be bonded by resistance welding in which a part of one
or both of the members is melted to bond the members.

Table 1 shows the electric resistance at the time of
superimposing each of several materials on an aluminum
foil.

TABLE 1
Electric resistance
Materials (mQ)
Cu base material 4.4
Sn-plating article 1.3
Au-plating article 0.5

Measurement of the electric resistance was performed by
superimposing each of samples 1 to 3 on an aluminum foil
as one example of the anode section 12, sandwiching both
sides thereof between a pair of welding electrodes, and
applying a predetermined alternating-current voltage (10'V,
100 mA, 20 kHz) thereto. E4980 manufactured by Agilent
Technologies was used as a measurement device, and 2323 A
manufactured by Agilent Technologies was used as a test
lead.

As shown in Table 1, the Cu base material has a higher
electric resistance as compared to Sn-plated and Au-plated
Cu base materials. Therefore, it is apparent that Cu is
suitable as a material to be used for resistance welding to the
anode section 12 of the capacitor element 10.

In this embodiment, the Cu base material 19a as a base
material is used for the cathode lead terminal 19, but since
the cathode lead terminal 19 is connected to the cathode
section 13 by the conductive adhesive 15 rather than a
resistance welding method, the base material is not neces-
sarily required to be the Cu base material 19a as in this
embodiment, and one formed of other material can be used.
The cathode lead terminal is not bonded to the cathode
section 13 by a resistance welding method, and therefore is
not required to have a Cu region, unlike in the case of the
anode lead terminal.

As shown in FIG. 1(A), the length of the Cu region Y in
the anode lead terminal 18 of the solid electrolytic capacitor
1 is equal to the distance between one end of the anode lead
terminal 18 and the outer edge of the exterior resin 16.

On the other hand, the length of the Au region X is equal
to the distance between the other end of the anode lead
terminal 18 and the outer edge of the exterior resin 16.

When the material of the exterior resin 16 is, for example,
an epoxy resin, the exterior resin 16 has higher adhesion to
the Cu base material 18a than to the Au-plating layer 18c.
Therefore, by covering the whole of the Cu region Y with the
exterior resin 16, adhesion between the anode lead terminal
18 and the exterior resin 16 can be made as high as possible.

In this embodiment, for securing resistance to a reflow
temperature at which an electronic component module 2 (see
FIG. 7) including the solid electrolytic capacitor 1 is caused
to reflow, a Cu base material is used as a base material of the
anode lead terminal 18 and the cathode lead terminal 19, and
Ni and Au are used as plating materials to be applied to the
Cu base materials 18a and 19a.

That is, when the electronic component module 2 includ-
ing the solid electrolytic capacitor 1 is caused to reflow, the
general reflow temperature is 235° C. to 260° C., and a
material having a melting point higher than the reflow
temperature should be used as a plating material.
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Thus, in this embodiment, as described above, Ni having
a melting point of 1455° C. is used to form Ni-plating layers
1856 and 196 as ground plating layers, and Au having a
melting point of 1338° C. is used to form Au-plating layers
18¢ and 19¢ as surface layer plating layers.

Accordingly, even if the solid electrolytic capacitor 1
according to this embodiment is placed under a reflow
temperature, there is no possibility that the plating layers are
melted. Therefore, adhesion between the exterior resin 16
and the anode lead terminal 18 or cathode lead terminal 19
can be secured, so that the solid electrolytic capacitor 1
excellent in weather resistance and the electronic component
module 2 using the solid electrolytic capacitor 1 can be
obtained.

As described above, according to this embodiment, Ni
and Au that are not melted at a reflow temperature are used
as a plating material for the anode lead terminal 18, while a
part of the anode lead terminal 18 is the Cu region Y suitable
for resistance welding, and therefore the anode section 12 of
the capacitor element 10 and the anode lead terminal 18 can
be reliably bonded to each other by a resistance welding
method.

A region of the anode lead terminal 18, which is covered
with (embedded in) the exterior resin 16, is a region (Cu
region Y) where the Cu base material is exposed, and
therefore adhesion between the exterior resin 16 and the
anode lead terminal 18 is sufficiently secured. As a result, it
becomes possible to reduce the distance between the outer
edge of the exterior resin 16 and the capacitor element 10,
i.e. reduce the wall thickness of the exterior resin 16, so that
the solid electrolytic capacitor 1 can be downsized.

The surface layers of the other end of the anode lead
terminal 18 and the other end of the cathode lead terminal 19
are Au-plating layers 18¢ and 19¢, and therefore solder
bondability in reflow soldering can be improved. Further, the
surface layer of one end of the cathode lead terminal 19 is
the Au-plating layer 19¢, and therefore adhesion and elec-
trical conductivity between one end of the cathode lead
terminal 19 and the Ag paste layer as the outermost layer of
the cathode section 13 can be improved.

The constituent material of the plating layer (ground
layer) formed between the Cu base materials 18a and 19«
and the Au-plating layers 18¢ and 19¢ is not limited as long
as it is a material which is excellent in adhesion with Cu (Cu
base material) and Au (Au-plating layer) and has a melting
point higher than a reflow temperature, and a material other
than Ni can be used. For example, a Ni/Pd-plating layer may
be formed in place of Ni-plating layers 185 and 195 (melting
point of Pd: 1555° C.)

The Cu region Y of the anode lead terminal 18 is not
limited to a region where the Cu base material 18a is
exposed, and the Cu region Y may be a region where a
Cu-plating is further applied onto the Cu base material 18a.

The melting point of Cu as a base material of the cathode
lead terminal 19 and the anode lead terminal 18 is 1064° C.,
the heat resistance temperature of the capacitor element 10
is 660° C., and the heat resistance temperature of the epoxy
resin as a material of the exterior resin 16 is 260 to 350° C.,
each of the temperatures being higher than the reflow
temperature. Therefore, the solid electrolytic capacitor 1 in
this embodiment has sufficient heat resistance.

FIG. 3 is a view showing a modification of the solid
electrolytic capacitor 1. A solid electrolytic capacitor 1A
shown in FIG. 3 is featured in that an Au region XA extends
to the inside from the outer edge of the exterior resin 16.
Constituent elements that are the same as those of the solid
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electrolytic capacitor 1 in FIG. 1 are given the same numbers
and descriptions thereof are omitted.

As shown in FIG. 3, the length of a Cu region YA in the
modification is smaller than the distance between one end of
an anode lead terminal 18A and the outer edge of the exterior
resin 16. On the other hand, the length of the Au region XA
is greater than the distance between the other end of the
anode lead terminal 18A and the outer edge of the exterior
resin 16. Accordingly, the whole of the Cu region YA can be
reliably covered with the exterior resin 16. Therefore, the Cu
region YA of the anode lead terminal 18A can be prevented
from coming into contact with the open air to suppress
occurrence of corrosion, rust and the like.

(Method for Producing Solid Electrolytic Capacitor)

A method for producing the solid electrolytic capacitor 1
will be described with reference to FIGS. 4(A) to 4(D),
FIGS. 5(A) to 5(D) and FIG. 6. The method for producing
the solid electrolytic capacitor 1 includes at least a capacitor
element providing step; an anode lead terminal forming step;
a cathode lead terminal forming step; a laminate forming
step of forming a laminate by stacking capacitor elements;
an anode connecting step; a cathode connecting step; and an
exterior resin forming step.

FIG. 4(A) is a view for explaining the capacitor element
providing step. The capacitor element providing step is a
step of providing a plurality of capacitor elements 10 each
having a dielectric material section 11, an anode section 12,
a cathode section 13, a heat insulating member (insulating
resin) 14. In FIG. 4(A), four capacitor elements 10 are
shown. At this time, the dielectric material film (dielectric
material section) 11 is formed on the whole of the surface of
the anode section 12.

FIGS. 4(B) and 4(C) are views for explaining the anode
lead terminal forming step and the cathode lead terminal
forming step.

For forming the anode lead terminal and the cathode lead
terminal, first a Cu base material 18a for an anode lead
terminal and a Cu base material 194 for a cathode lead
terminal are provided as shown in FIG. 4(B). The Cu base
materials 184 and 19a may be provided as one united body
by punching, for example, a belt-shaped hoop material.

The anode lead terminal 18 is formed by applying an
Au-plating to a predetermined region of the surface of the
Cu base material 18a for the anode lead terminal 18 as
shown in FIG. 4(C). Consequently, the anode lead terminal
is prepared which has an Au region X, the surface layer of
which includes the Au-plating layer 18¢, and a Cu region Y
where the Au-plating layer 18¢ is not formed, and Cu is
exposed at the surface.

Specifically, the anode lead terminal is prepared by, for
example, masking a region of the Cu base material 18a,
which forms the Cu region Y, then applying a Ni-plating to
form a Ni-plating layer that forms a ground layer, and
applying an Au-plating onto the Ni-plating layer to form an
Au-plating layer that forms a surface layer (uppermost
layer), followed by removing the masking material. In the
anode lead terminal 18, the masked region is the Cu region
Y, and the region which is not masked and has an Au-plating
layer formed on a Ni-plating layer is the Au region X.

The cathode lead terminal 19 is prepared by applying an
Au-plating to the surface of the Cu base material 19a for the
cathode lead terminal 19 as shown in FIG. 4(C).

Specifically, the cathode lead terminal is prepared by, for
example, applying a Ni-plating onto the Cu base material
194 to form a Ni-plating layer that forms a ground layer, and
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applying an Au-plating onto the Ni-plating layer to form an
Au-plating layer that forms a surface layer (uppermost
layer).

The cathode lead terminal forming step and the anode
lead terminal forming step can be carried out in parallel. For
example, a scheduled area of the Cu base material 18a,
which forms the Cu region Y, is masked, and a Ni-plating is
applied to the Cu base material 184 and the Cu base material
19a in parallel, followed by applying an Au-plating onto the
Ni-plating layers in parallel.

The anode lead terminal forming step may include an
oxide film forming step of forming an oxide film 22 on the
Cu region Y as shown in FIG. 4(D). The oxide film 22 is
formed on the Curegion Y (i.e. an exposed surface of the Cu
base material 18a) by heating the Cu region Y of the anode
lead terminal 18 in the air at, for example, 100° C. to 200°
C. The thickness of the oxide film 22 is, for example, 2 nm
to 45 nm.

Due to the presence of the oxide film 22, the electrical
resistance becomes higher at the time of bonding the anode
lead terminal 18 and the anode section 12 of the capacitor
element 10. Therefore, the temperature at the bonding area
can be intensively increased, so that resistance welding
described later can be more reliably performed.

FIG. 5(A) is a view for explaining the laminate forming
step of forming a laminate by stacking capacitor elements.
The laminate forming step is a step of forming a laminate
10A by stacking a plurality of capacitor elements 10 so as to
electrically connect the anode sections 12 of the capacitor
elements 10 to one another and electrically connect the
cathode sections 13 of the capacitor elements 10 to one
another. In FIG. 5(A), a plurality of capacitor elements 10
are laminated so as to sandwich the anode lead terminal 18
and the cathode lead terminal 19.

FIG. 5(B) is a view for explaining the cathode connecting
step. The cathode connecting step is a step of connecting the
cathode lead terminal 19 to the cathode section 13 of the
capacitor element 10. One end of the cathode lead terminal
19 and the cathode section 13 of the capacitor element 10 are
connected to each other by the conductive adhesive 15 such
as an Ag paste.

FIG. 5(C) is a view for explaining the anode connecting
step. The anode connecting step is a step of connecting the
Cu region Y of the anode lead terminal 18 to the anode
section 12 of the capacitor element 10. The Cu region Y of
the anode lead terminal 18 and the anode section 12 of the
capacitor element 10 are bonded to each other by resistance
welding. The anode drawing section 126 of each anode
section 12 is bent toward the anode lead terminal 18, and
then bonded. The dielectric material film formed on the
surface of the anode drawing section 124 is removed in the
step of resistance welding. Conditions for resistance welding
include, for example, an electric power of 0.4 kw to 2.0 kw
and an electric power application time of 5 ms to 40 ms.

FIG. 6 is a view two-dimensionally showing a resistance-
welded part in the anode connecting step. In FIG. 6, a
bonding region J of the Cu region Y, which is resistance-
welded, is shown in the form of a nugget shape. When the
oxide film 22 is formed on the surface of the Cu region Y in
the oxide film forming step in the anode lead terminal
forming step, the oxide film 22 is broken during resistance
welding to establish electrical conduction to the anode
section 12 of the capacitor element 10. On the other hand,
the oxide film 22 remains on a non-bonding region NJ which
is not resistance-welded.

The anode connecting step may be carried out before or
after the cathode connecting step.

10

15

20

25

30

35

40

45

50

55

60

65

10

FIG. 5(D) is a view for explaining the exterior resin
forming step. The exterior resin forming step is a step of
forming the exterior resin 16 so as to cover (seal) the
laminate 10A formed by laminating a plurality of capacitor
elements 10. The exterior resin 16 is formed by, for example,
injection molding. At this time, the exterior resin 16 is
formed such that the Cu region Y of the anode lead terminal
18 is located at the inside of the exterior resin 16 (i.e. the Cu
region Y is embedded in the exterior resin 16).

After the exterior resin 16 is formed, the other ends of the
cathode lead terminal 19 and the anode lead terminal 18 are
cut, and bending molding is performed to produce the solid
electrolytic capacitor 1.

(Electronic Component Module)

FIG. 7 is a view showing an electronic component module
2 including the solid electrolytic capacitor 1. The electronic
component module 2 includes the solid electrolytic capacitor
1; other surface mounting type electronic components 3 and
4; and a circuit board 31 having land electrodes 32 (324 and
32b). The anode lead terminal 18 and cathode lead terminal
19 of the solid electrolytic capacitor 1 are bonded to the land
electrode 32 (32a) of the circuit board 31 by a solder 34
(34a), and other surface mounting type electronic compo-
nents 3 and 4 are bonded to the other land electrode 32 (325)
by a solder 34 (34b).

The electronic component module 2 is, for example, a
power supply circuit.

A predetermined circuit patterns (not illustrated) or land
electrodes 32 (32a and 324) that form a part of the circuit
pattern are formed on the circuit board 31. The land elec-
trodes 32 (32a and 32b) are intended for electrically con-
necting the circuit pattern of the circuit board 31 to the solid
electrolytic capacitor 1 or other surface mounting type
electronic components 3 and 4.

As the solder 34 for bonding the anode lead terminal 18
and cathode lead terminal 19 of the solid electrolytic capaci-
tor 1 to the land electrode 32a, one formed of a composition
of' Sn, Ag, Cu and the like, for example, can be used. In the
solder 34a, Au originating from Au-plating layers 18¢ and
19¢ formed on the surfaces of the anode lead terminal 18 and
the cathode lead terminal 19 is melted, and Au components
exist. Areas of the anode lead terminal 18 and the cathode
lead terminal 19, which are in contact with the solder 34a,
are Ni-plating layers 185 and 1954 rather than Au-plating
layers 18¢ and 19c.

In this way, a part of the Au-plating layer formed on the
surfaces of the anode lead terminal 18 and the cathode lead
terminal 19 is melted into the solder 34a through reflow
soldering and removed. However, since the solder 34a is not
in contact with the anode lead terminal 18 and the cathode
lead terminal 19 located at the inside of the exterior resin 16,
and the melting point of Au is higher than the reflow
temperature, Au-plating layers 18¢ and 19C are not melted.
Consequently, adhesion between the exterior resin 16 and
the anode lead terminal 18 or cathode lead terminal 19 is
secured to improve weather resistance of the solid electro-
Iytic capacitor 1, so that the electronic component module 2
having high reliability can be obtained.

(Method for Producing Flectronic Component Module)

A method for producing the electronic component module
2 will be described with reference to FIGS. 8(A) to 8(C). The
method for producing the electronic component module 2 in
this embodiment includes a circuit board providing step, a
mounting step of mounting the solid electrolytic capacitor 1,
and a reflow soldering step.

In the circuit board providing step, a circuit board 31
having a plurality of solder pastes 33 are provided as shown
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in FIG. 8(A). By printing a solder paste using a screen
printing method etc., the solder paste 33 is formed on the
land electrode 32 (32a) formed on the circuit board 31. The
solder paste is, for example, a solder paste formed of a
eutectic composition of Sn, Ag, Cu and the like.

In the mounting step, the solid electrolytic capacitor 1 is
mounted on the circuit board 31 by disposing the anode lead
terminal 18 and cathode lead terminal 19 of the solid
electrolytic capacitor 1 on each of the plurality of solder
pastes 33 as shown in FIG. 8(B). Mounting of the solid
electrolytic capacitor 1 can be performed using a known
mounter etc.

At this time, other surface mounting type electronic
components 3 and 4 are also placed on the land electrode 32
(32b6) with the solder paste 33 interposed therebetween.

In the reflow soldering step, the circuit board 31 on which
the solid electrolytic capacitor 1 is mounted is introduced
into a reflow furnace (not illustrated) to firmly fix the solid
electrolytic capacitor 1 to the circuit board 31 as shown in
FIG. 8(C). The reflow temperature is set to 235° C. to 260°
C

The electronic component module 2 including the solid
electrolytic capacitor 1 is produced by passing through the
above-mentioned steps.

As described above, the Au-plating layers 18¢ and 19¢ are
formed on the surfaces of the anode lead terminal 18 and
cathode lead terminal 19 of the solid electrolytic capacitor 1
included in the electronic component module 2. Since the
melting point of Au that forms the Au-plating layers 18¢ and
19¢ is higher than the reflow temperature, the Au-plating
layers 18¢ and 19¢ are not melted at the inside of the exterior
resin 16 in the reflow step. As a result, the electronic
component module 2 having high weather resistance and
reliability can be produced while efficient production
method, i.e. reflow soldering is employed.

This embodiment is not intended to limit the invention as
set forth in claims, and various modifications can be made
as long as they have an identical technical concept. For
example, the number of capacitor elements included in the
solid electrolytic capacitor is not limited to 4, and may be
any number of 2 or greater. In the embodiment described
above, a solid electrolytic capacitor having a configuration
in which the anode drawing section of the capacitor element
is disposed so as to sandwich the anode lead terminal from
both sides has been shown, but a configuration is also
possible in which the anode drawing section of the capacitor
element is laminated only on one side of the anode lead
terminal. In this case, the Cu region may be formed only on
a surface (one surface) that faces the anode lead terminal.

What is claimed is:

1. A solid electrolytic capacitor comprising:

a laminate with a plurality of capacitor elements each
having an anode section, a dielectric material layer on
the anode section, and a cathode section on the dielec-
tric material layer, the anode sections being electrically
connected to one another and the cathode sections
being electrically connected to one another;

a resin covering the laminate;

an anode lead terminal electrically connected to the anode
section of the capacitor element and outward from the
resin; and

a cathode lead terminal electrically connected to the
cathode section of the capacitor element and outward
from the resin, wherein

the anode lead terminal comprises a Cu base material, and
a first Au-plating layer in a predetermined region on the
Cu base material such that a surface of the anode lead

10

15

20

25

30

35

40

45

55

60

65

12

terminal has an Au region covered by the first Au-
plating layer, and a Cu region where the first Au-plating
layer is not present and the Cu base material is exposed,

the cathode lead terminal comprises a base material, and
a second Au-plating layer on the base material of the
cathode lead terminal, and

the anode section of the capacitor element is connected to

the Cu region of the anode lead terminal.

2. The solid electrolytic capacitor according to claim 1,
wherein the Cu region of the anode lead terminal is located
within the resin.

3. The solid electrolytic capacitor according to claim 1,
wherein the anode section of the capacitor element and the
Cu region of the anode lead terminal are bonded to each
other by resistance welding.

4. The solid electrolytic capacitor according to claim 1,
further comprising a blocking member between the cathode
section and the anode section.

5. The solid electrolytic capacitor according to claim 1,
wherein the cathode sections are connected to each other by
a conductive adhesive.

6. The solid electrolytic capacitor according to claim 1,
wherein the resin is an epoxy resin.

7. The solid electrolytic capacitor according to claim 1,
further comprising a first Ni-plating layer between the first
Au-plating layer and the Cu base material of the anode lead
terminal.

8. The solid electrolytic capacitor according to claim 7,
further comprising a second Ni-plating layer between the
second Au-plating layer and the base material of the cathode
lead terminal.

9. The solid electrolytic capacitor according to claim 1,
further comprising a Ni-plating layer between the second
Au-plating layer and the base material of the cathode lead
terminal.

10. The solid electrolytic capacitor according to claim 1,
wherein the base material of the cathode lead terminal is Cu.

11. An electronic component module comprising:

the solid electrolytic capacitor according to claim 1; and

a circuit board having a land electrode, wherein

the anode lead terminal and the cathode lead terminal of

the solid electrolytic capacitor are bonded to the land
electrode of the circuit board.

12. A method for producing the electronic component
module, the method comprising:

providing a circuit board with solder pastes provided at a

plurality of positions;

mounting the solid electrolytic capacitor according to

claim 1 on the circuit board by disposing the anode lead
terminal and the cathode lead terminal of the solid
electrolytic capacitor on each of the solder pastes
provided at the plurality of positions; and

fixing the solid electrolytic capacitor to the circuit board

by introducing the circuit board, on which the solid
electrolytic capacitor is mounted, into a reflow furnace.

13. A method for producing a solid electrolytic capacitor,
the method comprising:

providing a plurality of capacitor elements each having an

anode section, a dielectric material layer disposed on
the anode section, and a cathode section disposed on
the dielectric material layer;

applying a first Au-plating layer onto a Cu base material

to form an anode lead terminal having an Au region
which includes the first Au-plating layer, and a Cu
region where the Au-plating layer is not located and Cu
is exposed at the surface thereof;
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applying a second Au-plating layer onto a base material to

form a cathode lead terminal;

forming a laminate by stacking the plurality of capacitor

elements so as to electrically connect the anode sec-
tions of the capacitor element to one another and 5
electrically connect the cathode sections of the capaci-
tor element to one another;

connecting the Cu region of the anode lead terminal to the

anode section of the capacitor element;

connecting the cathode lead terminal to the cathode 10

section of the capacitor element; and

covering the laminate with a resin such that a part of the

anode lead terminal and a part of the cathode lead
terminal are not covered by the resin.

14. The method for producing a solid electrolytic capaci- 15
tor according to claim 13, wherein the Cu region of the
anode lead terminal is covered by the resin.

15. The method for producing a solid electrolytic capaci-
tor according to claim 13, wherein the anode section of the
capacitor element and the Cu region of the anode lead 20
terminal are bonded to each other by resistance welding.

16. The method for producing a solid electrolytic capaci-
tor according to claim 15, further comprising forming an
oxide film on the Cu region by heating the Cu region of the
anode lead terminal. 25



